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Introduction
Infection with the novel coronavirus (SARS-CoV-2) can cause 
corona-virus infectious disease (COVID-19), which is generally 
characterised by mild respiratory symptoms among other 
clinical features.[1,2] Some patients develop severe hypoxaemic 
respiratory failure requiring ICU admission for respiratory 
support and ultimately mechanical ventilation. 
Interestingly, many of these patients exhibit markedly 
different physiological characteristics when compared with 
‘typical’ ARDS, especially severe hypoxaemia, exceeding the 
abnormalities in respiratory mechanics (i.e. relatively preserved 
compliance with severe hypoxaemia). Thus, the COVID-19 
patients might benefit from a different ventilation strategy to 
ensure lung-protective ventilation. 
The aim of the current article is to briefly summarise the 
respiratory physiology of severe COVID-19 and provide 
recommendations for lung-protective mechanical ventilation 
in these patients. The recommendations in this manuscript are 
based on small observational trials and case series, as reliable 
data from COVID-19 patients are still scarce and large trials are 
lacking. Thus, these recommendations are merely expert opinion 
and do not meet the criteria for ‘evidence-based medicine’. 
Moreover, understanding of this disease is developing rapidly 
and new insights may require update of the recommendations 
published in this article. We advise readers to consult the website 
of the Dutch Society of Intensive Care Medicine (nvic.nl) for the 
latest updates. The link can be found at the end of this article. 
This article does not discuss the possible application of advanced 
respiratory monitoring techniques and interventions such as 
transpulmonary pressure measurements, electronic impendence 
tomography, extracorporeal membrane oxygenation and 
extracorporeal carbon dioxide removal as these are not widely 
available. Especially the application of extracorporeal techniques 
should be discussed with expert centres. 

COVID-19: one disease, different phenotypes
Several publications[3,4] and personal observations by the authors 
indicate that severe ‘COVID-19’ is different from typical ARDS, 
especially in the early phase of COVID-19. Key differences 
include:
1.  A relatively high compliance of the respiratory system, 

suggesting preserved lung volume;
2. Low recruitability with PEEP;
3.  High intrapulmonary shunt fractions, disproportionate to the 

loss of ventilated lung area.

However, in some patients, the physiology appears to resemble 
classical ARDS with high respiratory elastance (the inverse of 
compliance, defined as change in volume divided by change 
in pressure (ΔVolume/ΔPressure)) and higher recruitablity. 
Gattinoni proposed two different phenotypes[4]: L-type and 
H-type (figure 1) representing the ends of a spectrum (figures 
1 and 2). Figure 2 shows CT scans of six different COVID-19 
patients. The patient on the far left is a typical L-type patient 
and the one on the far right a typical H-type patient. 

However, it is clear that some patients have features of both the 
L-type and H-type. In fact, it is possible that L-type patients 
evolve into H-type, either spontaneously, or due to high 
lung stress with non-lung-protective mechanical ventilation 
(ventilator-induced lung injury, VILI) in the already-inflamed 
lung.[5] Interestingly, high patient respiratory effort has been 
proposed to result in lung injury, known as patient self-inflicted 
lung injury (P-SILI).[6] High patient effort may develop before 
intubation, or with partially supported modes.[7.8] It appears 
that many COVID-19 patients exhibit high respiratory drive, 
possibly due to stimulation of lung irritant, stretch, and 
J-receptors.[7,9] The proposed role of P-SILI in the evolution 
from H-type to L-type needs further evaluation. 
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In conclusion, from the respiratory physiological perspective, 
COVID-19 is not a single entity but has rather different 
appearances. This may have important implications for the 
ventilation strategies. 

Figure 1.  Subtypes of COVID-19 pneumonia

Two phenotypes are hypothesised to exist in COVID-19 ARDS. The first 

subtype, L-type, is characterised by high compliance of the respiratory 

system (and thus low elastance), relatively unaffected lung aeration, 

and thus low lung-recruitability. The hypoxaemia often observed 

in these patients might be explained by loss of hypoxic pulmonary 

vasoconstriction, although evidence for this hypothesis is lacking. 

Due to spontaneous progression of the disease, ventilator-induced 

lung injury (VILI) and/or patient self-inflicted lung injury (P-SILI), the 

L-phenotype might evolve into the H-phenotype. The H-phenotype 

is more comparable to ‘typical’ ARDS, characterised by extensive lung 

consolidations, widespread lung oedema, and shunting in collapsed 

lung regions.

Figure 2.  CT scans from patients with confirmed COVID-19 pneumonia

Computed tomography images from 6 patients with confirmed 

COVID-19 pneumonia. The far left scan might be from a patient 

with the L-phenotype: apart from minor ground-glass opacities no 

large disturbances are found. The scan on the right shows major 

consolidations and loss of lung aeration, and might fit the H-phenotype. 

The scans in between show progressively worse deviations from normal 

lung morphology, illustrating that COVID-19 can result in a diverse 

pathophysiological spectrum. 

Non-invasive ventilation
Non-invasive respiratory support, such as high flow nasal 
cannula (HFNC), non-invasive ventilation (NIV) and 
continuous positive airway pressure (CPAP) have been applied 
to prevent endotracheal intubation. The use of HFNC, CPAP 
or NIV is controversial due to increased risk of contamination 
of healthcare workers. Although no data exist that demonstrate 
increased risk of contamination with appropriate personal 
protective equipment,[10] this topic is beyond the scope of 
this article. If available, we advise to consider HFNC when a 

patient exhibits persisting hypoxaemia despite low-flow oxygen 
administration. Earlier studies in hypoxaemic respiratory failure 
have shown favourable results for HFNC compared with NIV or 
low flow oxygen through a face mask.[11.12] Early observations 
suggest that about 75% of patients that require HFNC will 
eventually require intubation, therefore close monitoring of 
oxygenation (SpO2) and breathing effort (respiratory rate, use 
of accessory respiratory muscles, and ROX index, defined as the 
ratio of SpO2/FiO2 to respiratory rate) is recommended. 
Earlier studies indicated increased risk of intubation and even 
mortality with NIV in community-acquired pneumonia.[11] 
Thus, we advise against the use of NIV in COVID-19, especially 
in patients exhibiting high respiratory drive. If HFNC is not 
available, a short trial of NIV under close monitoring (SpO2, 
tidal volume) may be considered. 

Using a helmet interface for CPAP or NIV might improve 
the outcome of patients with ARDS.[13] The possibility to use 
higher PEEP may improve oxygenation and reduce respiratory 
drive. Many centres in Italy (and a few in the Netherlands) have 
applied the helmet interface in the treatment of hypoxaemic 
failure in COVID-19, and report good patient tolerance and 
improved symptoms. 

Invasive mechanical ventilation
A. Tidal volumes
Although mechanical ventilation is life-saving, the pressures 
and volumes delivered by the ventilator might contribute to the 
development of further lung injury.[5]

The cornerstone of lung-protective ventilation is adhering to a 
low tidal volume, usually defined as ±6 ml/kg ideal body weight.[14] 

Until more evidence is available, there is no reason to divert 
from these guidelines in COVID-19. It is important not to use 
a patient’s current weight, but instead to calculate the predicted 
body weight:
 PBWMale: 0.9 * (length-152) + 50 (Kg) 
 PBWFemale: 0.9 * (length-152) + 45 (Kg)

Low tidal volumes predispose patients to develop hypercapnia 
and concomitant acidosis. To limit hypercapnia, minute volume 
can be raised by setting the breathing frequency up to ±30/min. 
Care should be taken to avoid development of intrinsic PEEP at 
these higher respiratory rates (and thus shorter expiratory times). 
Intrinsic PEEP can be suspected if expiratory flow does not 
reach 0L/sec. Persistent hypercapnia at a breathing frequency of 
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30/min can be accepted to facilitate lung-protective ventilation 
(‘permissive hypercapnia’). A formal lower limit to the pH that is 
still acceptable is unknown, but there are no known studies that 
suggest that a pH up to 7.20 is deleterious, unless the patient 
has elevated intracranial pressures or pulmonary hypertension. 
Thus, we advise to adhere to 6 ml/kg, especially in the early 
phase, and accept a pH of up to 7.20

B. End-inspiratory plateau pressure
Tidal volumes is not the only parameter that contributes to 
ventilation-induced lung injury, as can be illustrated with figure 3. 

Figure 3.  Two CT scans from patients with ARDS

Computed tomography images in the transversal plane from two 

different patients with confirmed ARDS according to the Berlin criteria. 

The lungs in the left image show mostly dorsal collapse of lung tissue, 

meaning most lung tissue is still able to participate in ventilation. The 

lungs in the right image are almost completely collapsed, only the right 

frontal lobe can contribute to ventilation. 

Both patients in this example (figure 3) meet the Berlin criteria 
for ARDS[15] and have an ideal bodyweight of 70 kg, meaning a 
recommended tidal volume of 6 ml/kg * 70 kg = 420 ml. If this 
volume is administered to the lungs of the patient on the left, 
the volume will be distributed rather evenly over the healthy 
parts of the lung, meaning the ‘stretch’ posed on the lung tissue 
is low. If the same 420 ml is administered to the lungs of the 
right patient, all the volume will be transmitted to the small 
part of the lung that is not collapsed, causing a major rise in 
local stress and strain. The stress and strain caused by a certain 
tidal volume can be estimated by measuring two important 
pressures: the end-inspiratory plateau pressure and the driving 
pressure. 

The end-inspiratory plateau pressure estimates the stress posed 
on the lung tissue at end-inspiration. It can be measured during 
an end-inspiratory occlusion, which causes flow to cease and 
consequently causes pressure in the ventilator to equilibrate 
with alveolar pressure (figure 4). It is recommended to maintain 
the plateau pressure below 28-30 cmH2O.[14] 

Figure 4. Screenshot from the ventilator monitor during an end-

inspiratory occlusion. The airway pressure drops from the peak pressure 

to a stable plateau after an inspiratory hold of 3-5 seconds.

C. Driving pressure
The driving pressure is the difference in alveolar pressure 
between end inspiration and end expiration:
 Driving pressure = Pplat – PEEPtot

The driving pressure was found to correlate better with mortality 
than tidal volume per ideal bodyweight in a large (retrospective 
multilevel mediation analysis) trial with 3562 ARDS patients.[16] 
If compliance is considered to be a marker for disease severity, 
driving pressure is essentially tidal volume corrected for disease 
severity: 

  Driving pressure (cmH2O) = tidal volume (ml) / compliance 
respiratory system (ml/cmH2O)

Accordingly, the physiological rationale of driving pressure is 
appealing.
We therefore recommend driving pressure below <15 cmH2O 
during controlled mechanical ventilation,[16] although this study 
essentially suggested that no threshold value exists: the lower the 
driving pressure, the better the outcome. Because the compliance of 
many patients with COVID-19 remains relatively high, the observed 
driving pressures are usually low, especially in L-type patients. 

D. Positive end-expiratory pressure (PEEP)
Setting PEEP at the right level for the individual patients is 
still a point of debate in ARDS. Ideally, specific monitoring 
techniques (including electrical impedance tomography, 
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oesophageal pressure monitoring or functional residual 
capacity measurements) are used to select the appropriate PEEP 
for each patient, but these techniques have not been widely 
implemented, nor proven to improve clinical outcome. 
A few preliminary studies have assessed the influence of PEEP 
on oxygenation and respiratory mechanics in patients with 
COVID-19. Although selection bias is of concern, it seems 
that recruitability with PEEP in many COVID-19 patients is 
limited.[3] In patients with predominantly characteristics of the 
L-phenotype (i.e. high compliance), it seems reasonable to use 
lower PEEP. Pragmatically, we suggest using the ‘low PEEP / 
high FiO2 table’ from the ARDSnet(17): 

Table 1. Low PEEP/ high FiO2

FiO2 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.9 0.9 0.9 1.0

PEEP 5 5 8 8 10 10 10 12 14 14 14 16 18 18-24

A disadvantage of a lower PEEP strategy is that potentially 
recruitable lung tissue remains collapsed, especially in patients 
with extensive consolidation or a low compliance of the chest 
wall (obesity, ascites). In these patients, the ‘high PEEP / low 
FiO2 table’ can be used: 

Table 2. High PEEP/ low FiO2

FiO2 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.9 0.9 0.9 1.0

PEEP 5 8 10 12 14 14 16 16 18 20 22 22 22 24

The potential disadvantages of a higher PEEP strategy include 
a potential hyperinflation of relatively healthy lung regions, 
and an increased afterload of the right ventricle, which might 
hamper circulation. 

We advise against regularly using recruitment manoeuvres in 
COVID-19, as the potential for recruitment in these patients 
seems low and previous studies in ARDS have shown harm in 
ARDS patients undergoing recruitment manoeuvres.[18]

E. Prone position
Mechanical ventilation in prone position improves the outcome 
if applied early in the course of moderate-to-severe ARDS (PaO2/
FiO2 <150 mmHg).[19] Experience by clinicians and preliminary 
data suggest that oxygenation improves in most COVID-19 
patients with proning. We advise to ventilate COVID-19 
patients with moderate-to-severe ARDS (PaO2/FiO2 <150 
mmHg) in prone position. We suggest keeping these patients 
in prone position until improvement in respiratory mechanics 
and / or PaO2/FiO2 ratio. Although patients in clinical studies 
were returned to supine daily,[19] under the current special 
circumstances it can be advisable to leave patients in the prone 
position for 2-3 days. In our clinical experience, and personal 

communication with other centres, it appears that early supine 
position (within 24 hours of prone position) results in rapid and 
severe deterioration of oxygenation. 
 
F. Muscle relaxants
Although earlier randomised studies found a survival benefit when 
using muscle relaxants during the early phases of severe respiratory 
failure,[20] a subsequent larger study did not demonstrate survival 
benefit over light sedation.[21] A more thorough analysis of this 
subject falls outside of the scope of this article. 
We suggest using muscle relaxants in the early phase of 
COVID-19 in patients with respiratory effort leading to 
substantial patient-ventilator asynchronies, despite deep 
sedation. We advise to interrupt muscle relaxants daily to 
evaluate patient-ventilator interaction. 

G. Partially supported mechanical ventilation
Selecting the appropriate moment to switch from controlled 
mechanical ventilation to a partially supported mode is still 
a major point of debate in ARDS. In the early phase of ARDS 
respiratory drive may be injuriously high[7,8] and the use of 
partially supported modes may facilitate the development of 
P-SILI,[6,22] although firm evidence is lacking.

We suggest switching to a partially supported mode when the 
PaO2/FiO2 ratio improves, and arterial pH is >7.35. Each patient 
should be evaluated daily to decide whether it is time to switch to 
a partially supported mode. If a patient is switched to a partially 
supported mode, we suggest monitoring the respiratory drive 
with the commonly available airway occlusion pressure (P0.1). 
The normal range of P0.1 is between 1.0 and 4.0 cmH2O.[23,24] 
We suggest increasing the level of sedation if breathing effort 
or tidal volumes remain high during partially supported modes, 
or consider reinstitution of controlled mechanical ventilation.
 
H. Weaning from mechanical ventilation
Currently, there is no literature to suggest that weaning from 
mechanical ventilation in COVID-19 is substantially different 
from typical ARDS. We therefore refer to the recent guideline 
‘weaning from mechanical ventilation’ available from the NVIC 
website (see the end of this article for the link). Notably, it is 
the authors impression that reintubation in COVID-19 is more 
frequent compared with typical ARDS, even after successfully 
passing a spontaneous breathing trial. 

I. Miscellaneous
•  There are currently no data available on the percentage 

of patients that develop ‘non-resolving’ ARDS and / or 
pulmonary fibrosis in response to COVID-19. In case of non-
resolving COVID-19 corticosteroids may be considered, if 
active pulmonary infections (including aspergillus) can be 
ruled out. We suggest to discuss this with expert centres. 
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We recommend against the use of corticosteroids in the 
early phase of COVID-19, given the adverse outcome after 
treatment with corticosteroids in other viral pneumonias.[25] 

•  An increasing number of observations suggests that 
COVID-19 patients are more susceptible to developing 
thrombotic events such as pulmonary embolism. It is 
therefore important to consider pulmonary embolism with 
acute respiratory (or haemodynamic) deterioration (especially 
increased dead space) of a ventilated COVID-19 patient.
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https://nvic.nl/covid-19 

Consult the NVIC website for the latest updates on COVID-19 

Guideline ‘weaning from mechanical ventilation’

https://nvic.nl/richtlijnen/beademing-
ontwenning-van-2018


